Enteric adenoviruse type 40 (Ad4O) and Ad4M form the sixth subgenus of human adenoviruses. They are associated with infantile diarrhea but cannot be isolated in conventional cell cultures. The genome of the fastidious enteric Ad4l has been cloned, and the cleavage sites of the genome produced by restriction endonucleases BamHI, EcoRI, HpaI, NruI, PvuI, and Sall have been mapped. To develop useful hybridization methods for direct detection of adenoviruses, a restriction fragment library containing Ad4l DNA, with plasmid pBR322 as vector, has been constructed. Clones have been isolated which contain 8 of 10 possible BamHI fragments of Ad4l, inserted into the BamHI cleavage site of the vector. Two of these clones are particularly useful for the detection of adenoviruses. One clone detects members of all human adenovirus subgenera, and the second clone is specific for enteric adenoviruses, in particular Ad4l. A conspicuous absence of detectable homology was noted at 1.5 to 3.3 map units of the Ad4l genome in hybridizations against other serotypes of adenoviruses, including the closely related enteric Ad4O. This sequence corresponds to the 5' portion of early region la.
gastrointestinal problems and have been isolated almost exclusively from children with diarrhea (3, 11, 25) .
EAd's are fastidious since they can not be cultivated in human diploid fibroblasts or in human embryonic kidney cells (5) . However, EAd's can be propagated in selected cell cultures, i.e., 293 cells (23) , Chang conjunctival cells (13) , HT cells (5), HEp-2 cells (25) , and tertiary cynomologous monkey kidney cells (5) .
Most cell culture systems have a reduced permissibility to growth of EAd's. This means that the yield of EAd virions is substantially lower than after infection with established adenoviruses. Consequently, methods for direct detection of EAd's in stools must be developed. The nucleic acid hybridization technique efficiently meets the requirements (10, 16, 20) . The Ad4l genome therefore was cloned, and the location of the obtained clones was determined by mapping with six different restriction enzymes.
This communication reports the isolation of two different clones, one with a broad specificity and one with a narrow specificity. The unique properties of these Ad4l clones should make them suitable as selective probes for the diagnosis of adenovirus infections, since adenovirus in general, EAd, and in particular Ad4l can be detected.
MATERIALS AND METHODS
Preparations of viral DNA. The Ad4l D389 strain was isolated during a prospective study of the etiology of diarrhea in Uppsala, Sweden, in 1981 (25) . Ten percent stool suspensions were inoculated to 293 cells (7) in stationary tissue culture tubes, as described by de Jong et al. (5) .
The cells were harvested, and intracellular vital DNA was extracted by a modified Hirt procedure (8) , 2 Competent Escherichia coli K-12 MM294 cells (4) were transformed with the ligation mixture and then spread on a plate containing ampicillin and tetracycline. Colonies which were ampicillin resistant but tetracycline sensitive were picked for identification of inserted viral DNA sequences, by the boiling method for mini-preparations of plasmids (9) . Large-scale plasmid preparations were made by the alkali method (1).
Hybridization conditions. Hybridization was carried out essentially as described by Thomas (24) . The filters on which the samples had been blotted were prehybridized and hybridized in a mixture containing 50% (vol/vol) DNA fragments separated on agarose gels were transferred to the nitrocellulose filter by the Southern transfer blotting method (19) with 20x SSC as the blotting buffer. The filters then were baked in a vacuum oven for 2 h at 80°C.
Mapping of DNA restriction fragments. The orientation of the Ad41 genome was estimated by hybridization experiments against clones from the well-characterized Ad2 genome (14) . The Ad2 HindlIl A clone and SmaI J clone were kindly provided by Ulf Pettersson, University of Uppsala, Uppsala, Sweden. Restriction endonucleases were purchased from Boehringer GmbH and used according to the suggestions of the manufacturer. The cleavage site maps were determined by a combination of the following methods: (i) double digestions with combinations of six different endonucleases and sequential digestions with endonucleases of DNA restriction fragments extracted from low melting gels and (ii) hybridization of labeled Ad41 BamHI and Sall clones against endonucleasedigested Ad41 DNA, separated on Southern gels.
The sizes of linear DNA fragments were estimated by comparing their migration with HindIll-digested phage X DNA and HincIl-digested phage (X174 (New England Biolabs, Inc.).
RESULTS
Strategy for mapping the Ad41 genome. Digestions of Ad4l DNA with restriction enzymes BamHI, EcoRI, HpaI, NruI, PvuI, and SalI produce characteristic migration patterns of the DNA fragments when analyzed by electrophoresis (Fig.  1) . The sizes of the DNA restriction fragments are presented in Table 1 .
The restriction endonuclease Sall was initially used to monitor the distribution of the DNA restriction sites in the Ad4l genome. This enzyme was chosen since Ad4l is cleaved into only four Sall fragments, and we have cloned the Ad4l Sall C and D fragments.
The orientation of the Ad41 genome and the position of the Sall cleavage sites were determined by hybridization against Ad2 DNA. Southern blots of Sall-digested Ad41 DNA were tested against labeled probes of the Ad2 SmaI J fragment (0 to 2.8 map units [m.u.]) and the Ad2 HindIII A fragment (50.1 to 73.4 m.u.) (17) . The Ad2 Smal J fragment hybridized to the Sall B fragment of Ad4l, and the Ad2 Hindlll A fragment hybridized to the Sall A and C fragments of Ad4l (Fig. 2) . The SalI fragment of Ad4l, located at 51.9 to 56.3 m.u., i.e., between the Sall A and C fragments, corresponds to the Ad2 Hindlll A fragment, but no homology was noted. This region shows a quite low degree of homology between the two species.
In Southern blot experiments the Sall C and D clones were used as probes against Ad4l DNA digested with restriction enzymes BamHI, EcoRI, HpaI, NruI,and PvuI. The SalI C clone hybridized with BamHI-generated fragments E, D, and C, HpaI-generated fragments B and D, NruI-generated fragment A, and finally PvuI-generated fragments B and D. The Sall D clone had corresponding homologies in BamHI fragment C, EcoRI A and D fragments, HpaI fragments A, B, and H, NruI fragment A, and finally PvuI fragment D.
The BamHI fragments were oriented by the use of eight BamHI clones representing 71.6% of the Ad4l genome and the two Ad2 clones, SmaI-J specific to the left end and HindIII-A (50.1 to 73.4 m.u.). Each BamHI clone was labeled and analyzed in Southern blots to Ad4l DNA digested with EcoRl, HpaI, NruI, PvuI, and Sall. Hybridizations according to the restriction map in Fig. 2 were detected.
To complete the map, fragments also were localized by double digestions with the enzymes involved and by sequential digestions of DNA extracted from low melting gels. Our Ad4l EcoRI map agrees with the recently reported map, whereas the BamHI map does not (22) .
Cloning of Ad4M. Eight different inserts in the pBR322 vector, with different sizes, were demonstrated by using mini-plasmid preparations. Further investigations showed that 8 of 10 possible BamHI fragments had been cloned. Our Specificity of two selected Ad4l BamHI clones. The BamHI clones were initially evaluated with regard to the ability to distinguish between adenovirus species. We were interested in clones with either broad or narrow specificity. The BamHI J and H clone, both located at the left end of the Ad4l genome, fulfill these criteria.
The two clones were nick translated and used as probes against adenoviruses of other subgenera. The degree of DNA homology between each of the two Ad4l BamHI clones, H and J, and 11 adenovirus serotypes representing subgenera A, B, C, D, E, and F was analyzed. Six different concentrations, 0, 50, 150, 300, 500, and 1,000 ng, of adenovirus DNA from subgenera A through F were fixed to a filter to establish the detection limit. Salmon sperm DNA at a concentration of 50 ,ug/ml was used as a control.
Ad4l BamHI clone H, located at m.u. 1.5 to 3.4, did not hybridize with DNA from any adenovirus serotypes but Ad4O and Ad4l (Fig. 3) . However, positive hybridization signals required 500 ng of Ad4O DNA. In contrast, Ad4l BamHI clone J, located at m.u. 0 to 1.5, hybridized to various extents with DNA from all human adenovirus subgenera (Fig. 4) . These hybridization was rectilinear to the amount of DNA bound to the filter.
Specificity confirmed by Southern blot analysis. The degree of hybridization between Ad4l BamHI clones H and J and adenovirus serotypes representing all subgenera was determined by Southern blot analysis. The two clones were nick translated and hybridized against digested adenovirus DNA from serotypes 12 and 31 (subgenus A), 3 and 7 (subgenus B), 2 and 5 (subgenus C), 13 and 19 (subgenus D), 4 (subgenus E), and 40 and 41 (subgenus F). Two serotypes representing subgenera A through D were selected to control specificity in the reactions.
To obtain a feasible number of restriction enzyme fragments, adenoviruses of subgenera C and D were digested with SmaI and all other adenoviruses were digested with BamHI (Fig. 5) .
Ad4l BamHI clone H, located at 1.5 to 3.4 m.u., showed no or low homology with adenoviruses representing subgenera A to E. A low but significant hybridization was detected against Ad4M DNA (Fig. 6) . A significant hybridization also was detected to the largest SmaI fragments of adenoviruses belonging to subgenera C and D. Ad4l BamHI clone J, located at m.u. 0 to 1.5, hybridized with all human adenovirus subgenera. However, a low degree of homology was found against members of subgenus A (Fig. 7) . BamHI and EcoRI maps have recently been published (22) , whereas Ad41 HpaI, NruI, PvuI, and SalI maps have not been published. The two EcoRI maps are identical, whereas in our BamHI map the localization of BamHI fragments less than 1 kilobase are not compatible with the published Ad41 BamHI map. Our left-end fragments, BamHI-H, -I, and -J, correspond in size to the published F1, F2, and G fragments. The location of the BamHI E fragment in strain 1105 (22) also is at variance with our results. This left-terminal BamHI E fragment corresponds in size to the D 369 BamHI G fragment. In hybridization of the D 369 BamHI G fragment against the left-terminal Ad2 SmaI J clone, no homology could be detected. However, the presence of the BamHI restriction site at 51 m.u. in strain D 369 indicates that two different strains of Ad41 have been used. Two Ad4l clones were selected for detection of adenoviruses by hybridization methods. One clone, BamHI-J, contains highly conserved DNA with homology to members of all adenovirus subgenera. The second, BamHI-H, is specific for EAd's, in particular for Ad4l. The whole adenovirus genome can be used for the detection of adenoviruses in general, but with a clone of limited size the specificity will be higher. The selected clones-H and -J each represent 1.5% of the Ad4l genome. The location of the BamHI J fragment at 0 to 1.5 m.u. infers that this clone shall contain the inverted terminal repetition (6, 27) . DNA molecules from all analyzed adenovirus serotypes have inverted terminal repetitions which differ in length but share conserved sequences. The first 52 nucleotides of the left end are highly homologous among many adenovirus species and have been shown to contain the origin of replication (18) . Adenoviruses of subgenera A, B, and C have conserved sequences corresponding to the capsite of the early region 1A (Ela) protein (26) , which can be expected to be localized within the Ad4l BamHI J clone. These homologies can explain the hybridization reaction obtained with the BamHI J fragment. However, the reduced hybridization between this fragment and both Adl2 and Ad31 indicates a low degree of homology in the left-terminal end among members of subgenera A and F.
In hybridization experiments the Ad4l BamHI H clone is specific for enteric adenoviruses. In analogy with the organization of the Ad2 and Ad5 genomes, the H fragment should correspond to the 5' end of ElA (14) .
The absence of detectable homology of Ela between Ad4l and other adenovirus serotypes is conspicuous. In attempts to find additional specific sequences in the Ad4l genome BamHI clones I (m.u., 3.3 to 5.0), G (m.u., 27.6 to 29.8), and F (m.u., 71.9 to 75.6) also were used as probes in hybridizations against DNA of adenovirus types representing sub- genera A through E (data not shown). Homologies were found since hybridization was detected against several, but not all, serotypes of subgenera A through E. Accordingly, we have two clones, BamHI-J and BamHI-H, which are specific for human adenoviruses in general and Ad4l in particular, respectively.
The Ad4l specific sequence in Ela is of interest in view of growth restriction in HEK cells and complementation in HEK cells transfected with Ela and Elb of AdS (e.g., 293 cells) (7) .
In the Southern transfer experiment with BamHI clones J and H (Fig. 6 and 7) , Ad4l DNA shows homologous weak, but detectable, hybridization to unidentified fragments in the range of 1 kilobase. Upon extraction of intracellular viral DNA, contaminating cellular DNA sometimes occurs and limited, partial digestions may be encountered. A fusion of BamHI fragments J and H will give a new 1.15-kilobase fragment, which also agrees in size with the unidentified dot in Fig. 7 . The two weak dots that appear in the lane of Ad41 in Fig. 6 correspond in size with the BamHI H fragment fused either with the BamHI J or I fragment.
A minimal but reproducible hybridization between the Ad4l BamHI H clone and DNA from Ad2, AdS, Adl3, and Adl9 of subgenera C and D was noted (Fig. 6 ). This finding remains to be explained. 
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The difficulty in growing EAd's in cell cultures hampers their diagnosis. Direct detection methods therefore are required. Three methods can be considered: electron microscopy or solid-phase immune electron microscopy (21) which is an immunoassay based on electron microscopy, enzymelinked and immunosorbent assay, spot hybridization.
Electron microscopy alone gives information on the virus morphology but does not proving information on typing or classification of adenoviruses. The extensive cross-reactivity between epitopes on Ad40 and Ad4l hampers distinction by solid-phase immune electron microscopy and enzymelinked immunosorbent assay. The dot-blot hybridization consequently is a specific and feasible method.
EAd's have a world-wide distribution (12) . They have been classified as two distinct serotypes, Ad40 and Ad4l; both display a wide expressed genetic variability (11) . Consequently, it is pertinent to confirm the conclusions of this communication regarding specificity with the different genomic variants of EAd's.
